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tumor characteristics, extent of resection, postoperative short-and long-term FN function, and perioperative complications and to compare the findings with those of their solid counterparts.
Methods
Two hundred-eleven patients with VSs were treated surgically at the Department of Neurological Surgery, University of Wisconsin-Madison, between January 2006 and June 2017. After obtaining approval from the local institutional review board, we reviewed the patient data. The VSs were defined as cystic when preoperative MRI demonstrated cyst formation with contrast enhancement of the cyst wall. Cases were excluded from the study if these areas were not confirmed as cystic during surgery. CVSs were further classified as having multiple large thinwalled cysts, multiple small thick-walled cysts, single large thin-walled cysts, larger central thick-walled cysts, and a mixed pattern of small and large cysts. 22, 32 Tumor extension was classified as class T1 (purely intrameatal), class T2 (intra-and extrameatal), class T3a (filling the cerebellopontine cistern), class T3b (reaching the brainstem), class T4a (compressing the brainstem), and class T4b (severely displacing the brainstem and compressing the fourth ventricle). 32 All CVSs demonstrated class T3 or T4 tumor extension; therefore, SVSs with similar classes were used for comparison. Patients with neurofibromatosis or bilateral VSs, recurrent VS, and class T1 or T2 SVS were excluded from the study. Thirty-three CVSs (in 32 patients) and 49 SVSs meeting the inclusion criteria were eventually identified and included in the study. The medical records of the patients were reviewed retrospectively, including preoperative and postoperative notes and images, as well as operative, pathology, and neuroradiology reports.
Preoperative hearing levels were classified as serviceable or nonserviceable according to the American Academy of Otolaryngology-Head and Neck Surgery classification. 1 Postoperative FN function was evaluated according to the House-Brackmann grading system 14 at discharge and at 3 months and 1 year postoperatively. The FN function was defined as good (House-Brackmann grade I-II), fair (grade III-IV), or poor (grade V-VI). 30, 33 Since many other published series have considered House-Brackmann grade I-III facial function as favorable, 2, 22, 24, 28, 35, 37, 42 we also included grade III function as favorable outcome. Among CVSs, patients in 2 cases who were lost during the follow-up period and those in 4 cases who did not yet reach the 1-year follow-up were excluded from the followup results of FN function. Similarly, 1 patient who was lost during the follow-up period and 3 patients who did not yet reach the 1-year follow-up in the SVS group were excluded from 1-year follow-up results of FN function.
Patients underwent microsurgical resection via either a retrosigmoid approach or translabyrinthine approach. FN monitoring was performed by a neurophysiologist in every case. All operations were performed by a single neurosurgeon (M.K.B.) and 2 neurootologists. The resection was considered as gross-total resection (GTR) when there was no obvious visible tumor at the time of surgery or on postoperative MRI. Near-total resection (NTR) was reported when less than 5% of the total tumor burden remained. The resection was considered as subtotal resection (STR) when the residual tumor was greater than 5% of the total tumor volume.
Significance of differences between groups was determined using the Fisher exact test and t-test. Statistical differences were considered significant if the p value was < 0.05.
Results

Patient Characteristics
The mean patient ages were 52.2 years (range 17-77 years) and 49.9 years (range 21-75 years) in the CVS and SVS groups, respectively. There were 20 male (62.5%) and 12 female (37.5%) patients in the CVS group, and 26 male (53.1%) and 23 female (46.9%) patients in the SVS group. There were no significant differences between the groups in terms of age (p = 0.43) or sex (p = 0.49; Table 1 ).
Clinical Presentation
CVS
The most frequent initial symptom in the CVS group was ipsilateral hearing loss (72.7%, n = 24), followed by tinnitus (42.4%, n = 14), balance difficulties (36.4%, n = 12), and headaches (18.2%, n = 6; Table 2 ). The mean duration of symptoms was 15.7 months (range 2 days to 84 months). Findings were incidental in 2 cases (6.1%), and patients in 2 cases (6.1%) presented acutely. Patients in 12 cases (36.4%) experienced worsening/acute onset of at least one of the symptoms within 30 days of presentation. Headache (33.3%, n = 4) and sudden hearing loss (33.3%, n = 4) were the leading complaints, followed by balance difficulties (16.7%, n = 2), alteration in taste (8.3%, n = 1), and cerebellar dysfunction (8.3%, n = 1) among the patients experiencing worsening/acute onset of symptoms. Patients in 25 cases (75.8%) demonstrated nonserviceable hearing. There were 4 cases (12.1%) of symptomatic hydrocephalus, and the patients required insertion of an external ventricular drain during the preoperative period. Of these, 1 patient required ventriculoperitoneal (VP) shunt placement due to persistent hydrocephalus (3%). The mean follow-up period was 25.6 months (range 1-109 months).
SVS
The most frequent initial symptom was ipsilateral hearing loss (95.9%, n = 47), followed by tinnitus (46.9%, n = 23), balance difficulties (32.6%, n = 16), and vertigo/ dizziness (20.4%, n = 10). Headache, facial sensory disturbances, ear fullness/pain, dysgeusia, and swallowing difficulties were less common as presenting symptoms ( Table 2 ). The mean duration of symptoms was 23.9 months (range 15 days to 180 months). Findings were incidental in 1 case (2%). Patients in 4 cases (8.2%) experienced worsening of at least one of the symptoms within the last 30 days. Among them, patients in 2 cases (50%) reported acute hearing loss, while 2 others (50%) reported acute headache. Patients in 31 cases (63.3%) had nonserviceable hearing. In 4 cases (8.2%), the patients presented with symptomatic hydrocephalus, which was treated with external ventricular drain placement. Of these, 2 (4.1%) required VP shunt placement postoperatively. The mean follow-up period was 35.6 months (range 2-101 months).
Tumor Characteristics
Sixteen of the CVSs (48.5%) and 31 of the SVSs (63.3%) were located on the left side, while 17 (51.5%) of the CVSs and 18 (36.7%) of the SVSs were on the right side. No significant differences regarding tumor side were found between the groups (p = 0.25). The mean tumor size in the CVS group was 3.6 cm (range 1.5-5 cm) and that of the SVS was 3 cm (range 2-4.5 cm). This finding was statistically significant (p = 0.005). Two (6.1%) of the CVSs were class in T3a, while 5 (15.1%), 10 (30.3%), and 16 (48.5%) of them were in classes T3b, T4a, and T4b, respectively. Three of the SVSs (6.1%) were in class T3a, while 11 (22.5%), 20 (40.8%), and 15 (30.6%) of them were in classes T3b, T4a, and T4b, respectively (Table 1) . There was no significant difference in tumor class between the CVS and SVS groups (p = 0.6). All cysts were located medially with or without concomitant lateral cysts in the CVS group. Seven of the cystic tumors (21.2%) contained large central thick-walled cysts, and 9 of them (27.3%) harbored single large thin-walled cysts, while 2 (6.1%), 7 (21.2%), and 8 (24.2%) of the tumors had multiple large thin-walled cysts, multiple small thick-walled cysts, or a mixed pattern of small and large cysts, respectively (Table 3) .
Surgery
All but 3 operations (9.1%) were performed in a single session in the CVS group. One of these 3 patients (3%) underwent a translabyrinthine approach, followed by a retrosigmoid approach for recurrent CVS 8 years after the initial GTR via retrosigmoid approach. The remaining 2 patients underwent surgery in 2 sessions via retrosigmoid approach, which was followed by translabyrinthine approach 4 and 10 days apart from each other. In the CVS group, patients in 6 cases (18.2%) underwent a retrosigmoid approach, and 24 (72.7%) underwent a translabyrinthine approach. All operations were performed in a single stage in the SVS group via either a retrosigmoid approach (n = 20, 40.8%) or a translabyrinthine approach (n = 29, 59.2%; Fig. 1) .
GTR was achieved in 30 CVSs (90.9%) and 37 SVSs (75.5%), while STR was possible in 1 (3%) and 7 (14.3%) CVS and SVS resections, respectively. NTR was achieved in 2 (6.1%) CVS and 5 (10.2%) SVS surgeries. The rate of GTR was not statistically significant between the 2 groups (p = 0.08). The main reason for NTR or STR was hypervascularity or adherence of the tumor to the brainstem and/or FN in both groups. The tumor recurred in 1 CVS patient (3%) 8 years after initial GTR and required Fig. 2 ). The distribution of patients on the basis of postoperative FN function is presented in Table 4 . Although good FN function was significantly higher in the SVS group at discharge (p = 0.02), there was no significant difference between the groups 1 year after surgery (p = 0.74; Fig. 3 ).
When favorable FN function is defined as HouseBrackmann grades I-III, 63.6% of CVSs and 81.6% of SVSs were associated with favorable FN function at discharge. At the 3-month follow-up, FN function improved to favorable in 78.8% and 91.8% of cases of CVS and SVS, respectively. FN function continued to improve, and all patients in the CVS group showed favorable FN function at the 1-year follow-up. In the SVS group, favorable FN function was achieved in 97.8% of patients at the 1-year followup. There was no significant difference between the groups in terms of favorable FN function at discharge (p = 0.07) or the 3-month (p = 0.1) and 1-year (p > 0.99) follow-ups.
At discharge, poor FN outcomes were observed after resection of 2 of the tumors with single large thin-walled cysts (grade VI in 2; 22.2%) and 1 of the tumors with multiple large thin-walled cysts (grade VI in 1; 50%) at discharge. Similarly, poor FN outcomes were observed in 2 cases of large central thick-walled cysts (grade V in 1, grade VI in 1; 28.6%) and 2 of those with a mixed pattern of small and large cysts (grade V in 1, grade VI in 1; 25%) at discharge. Poor FN function was not observed in patients with multiple small thick-walled cysts. One year after surgery, no patient in the CVS group had poor FN function (Table 3 ).
Complications
None of the patients died after VS surgery. The most common complication was a CSF leak from the incision site, which was the case in 4 (12.1%) of the CVS and 6 (12.2%) of the SVS surgeries. The rate of CSF leak was not significantly different between the groups (p = 1). One (3%) of the leaks in the CVS group was managed conservatively, while 3 others (9.1%) required lumbar drain insertion. One (3%) of these required further treatment with VP shunt placement. In the SVS group, 1 of the leaks (2%) was treated successfully with conservative treatment, while the remaining 5 (10.2%) required lumbar drain insertion. Patients in 2 CVS cases (6.1%) experienced a wound infection, one of whom responded to antibiotic treatment and the other required surgical debridement. Wound infection occurred in 2 SVS cases (4.1%), and both were treated with antibiotics. Sixth nerve palsy occurred in 2 CVS cases (6.1%), and both improved completely. Transient swallowing difficulty, otorrhea, rhinorrhea, facial dyskinesia, and postoperative hematoma developed, with an incidence of 3% (n = 1) for each after CVS surgery. Otorrhea was not observed in SVS patients, while rhinorrhea developed in 2 cases (4.1%). One of these cases was treated with lumbar drain placement while the other required surgical repair. One patient (2%) in the SVS group experienced aspiration pneumonia, which was successfully treated via appropriate antibiotics (Table 1) .
Discussion
Cystic VSs are notorious for rapid growth, unpredictable biological and clinical behavior, less-favorable surgical outcomes, increased perioperative complications, and postoperative morbidity and mortality. 2, 6, 7, 11, 18, 20, 24, 32, 35 The reported incidence of CVS ranges between 4% and 48%, most likely due to the different selection criteria used. 5, 6, 11, 15, 19, 28, 35, 36 While several studies have defined CVS based on the volume or size of the cyst relative to total tumor burden, 10,27 corroboration of MRI findings with intraoperative visualization of cystic components has been the most commonly accepted criteria in defining a CVS. 17, 22, 24, 28, 35, 37 Additionally, a higher incidence of CVS is encountered when larger tumors are taken into account, given the increased risk of intratumoral hemorrhage, degeneration, and necrosis resulting in subsequent cyst formation. 6, 7, 17, 22, 24, 25, 27, 37 Consistently, CVSs in our series accounted for 38.6% of all class T3 and T4 VSs, while they made up only the 16.1% of overall VSs. Similarly, the mean tumor size in this group was larger than that in the SVS group on admission (3.6 cm vs 3 cm) with a statistically significant difference (p = 0.005).
Although VSs are known to be slow-growing tumors, 34 CVSs are often associated with rapid expansion of the cyst and a shorter symptom duration. 6, 12, 36 Consistently, the mean duration of symptoms was significantly lower in our cystic tumors (15.7 months vs 23.9 months, p = 0.003). The rate of worsening/acute onset of symptoms was sig- nificantly higher in the CVS group as well (36.4% vs 8.2%, p = 0.003). Moreover, 6.1% of the patients with CVS presented acutely with a decreased level of consciousness requiring emergency neurosurgical intervention.
Patients with class T3 and T4 CVSs may not be candidates for observation only, given the risk of sudden expansion of the cyst, possibly leading to acute and lifethreatening brainstem and fourth ventricle compression and subsequent hydrocephalus. Radiosurgery is a commonly accepted and effective indication in the management of small-and medium-sized VSs. Moreover, there is a growing tendency toward the application of radiosurgery in the management of CVSs. Promising results following Gamma Knife radiosurgery with a significant decrease in overall tumor volume in 80% of CVSs and overall tumor control rates up to 96.4% at 5 years have been reported recently. 3, 10 However, postprocedural transient enlargement of the cyst and intratumoral hemorrhage are serious consequences of radiosurgery and may cause neurological worsening or even death. 9, 12, 27, 39 Thus, larger tumor sizes at presentation may preclude radiosurgery as an option in the management of a CVS causing symptomatic or radiological brainstem compression. Moreover, surgery after failed radiosurgery may result in decreased rates of GTR as well as increased morbidity due to adhesions and thickening and increased hypervascularity of the tumor capsule. 26 We believe that, in cases of large cystic tumors with brainstem compression, microsurgical resection remains the treatment of choice whenever GTR or NTR is possible. 2, 11 Nonetheless, multicenter comparative studies with large numbers of patients and longer follow-up periods are warranted to compare the efficacy of radiosurgery versus microsurgery in the management of large CVSs. Longterm tumor control rates after stereotactic radiosurgery have been reported to be between 75% and 90.5% in SVSs larger than 3 cm, with FN preservation rates between 70% and 100%. 8, 13, 23, 40, 41, 44, 45 In the present study, a tumor control rate of 95.9% with 93.3% of good FN outcome at the 1-year follow-up in the SVS group may suggest the validity of microsurgical resection, even in SVS treatment in the current radiosurgery era.
Preservation of FN function and complete resection of the tumor are the major goals of VS surgery. Several authors have reported that resection of a cystic tumor is associated with worse surgical outcomes in terms of GTR rates and FN function, 5, 11, 18, 24, 35, 37, 42, 43 while few studies have reported similar FN outcomes between CVSs and SVSs. 2, 16, 17, 28 The main challenges in resection of CVSs are high vascularity of the solid portion and difficulties in preserving the arachnoid plane. Unpredictable displacement of the cranial nerves and peritumoral adhesions contribute to the complexity of surgery as well. 2, 24, 28, 29, 35 Some studies have found that larger CVS size, rather than their cystic nature, can result in poorer FN outcomes. Better FN preservation rates due to earlier identification of the nerve after faster and earlier decompression of the cyst in thick-walled types have also been reported. 21 However, finding a welldefined plane between the arachnoid and tumor capsule is challenging when dealing with thin-walled cysts due to the risk of unnoticed and accidental penetration of the brainstem by passing through the cyst. 21, 28 Similarly, medially located cysts have been reported to cause worse postoperative FN outcomes when compared with centrally located cysts. 20, 28, 38 In our series, poor FN function was highest in the multiple large thin-walled cysts (50%) at discharge. However, 1 year after surgery, none of the patients in the CVS group had poor FN function. We are in agreement that maintaining the dissection plane along the tumor periphery is more challenging in cases of peripherally located thin-walled cysts.
The reported rates of GTR after CVS surgery range between 44% and 94.6%, 22, 28, 35, 37 depending on the size and extension of the tumor, history of previous treatment, and the surgeon's experience. 26, 28, 31 In the present study, the rate of GTR was not significantly different between CVSs and SVSs (p = 0.08). Although residual CVSs have been reported to be associated with rapid regrowth requiring reoperation, 18, 35 we have not observed regrowth in any of our patients with residual CVSs. Interestingly, recurrence occurred only in 1 (3%) of the CVS patients 8 years after initial GTR, requiring reoperation.
In our series, the FN was anatomically preserved in all patients. Regardless of the criteria used, long-term FN outcome showed no difference between the groups. The only difference was observed at discharge (45.5% good outcome for CVSs vs 71.4% in SVSs). Although short-term results may support the common perception that CVSs are associated with a lower rate of good FN outcome, our longterm results do not confirm such an association. Therefore, we strongly suggest that every single attempt to preserve FN function should be made at surgery, since even poorly or nonfunctioning FNs may improve to some degree in the long term if they are anatomically uninterrupted. 4 Despite higher rates of good FN outcome with no major morbidity or mortality, the major limitation of this study is the retrospective analysis of the patient data, which might have introduced a selection bias. Additionally, there might be a referral bias toward more surgical cases. Nevertheless, even with these limitations, we believe that achieving high rates of favorable outcome in complex VS cases might be stimulating and encouraging for neurosurgeons and neurootologists in an era where more and more radiosurgery has been used in the treatment of VSs.
Conclusions
Cystic VS is a common subtype of VS with a more unpredictable behavior when compared with SVS. Preservation of FN function is one of the major goals of VS surgery, and GTR is another. Additionally, surgical treatment of a CVS does not necessarily result in poor surgical outcomes in terms of the extent of resection and FN outcome. Special care should be exercised to preserve anatomical continuity of the FN during surgery, since long-term FN outcomes are much more satisfactory than short-term results. High rates of GTR and good FN outcomes in the present study may also suggest that microsurgery stands as the treatment of choice in select cases of large CVSs and SVSs in the radiosurgery era.
